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FOREWORD

This interim technical report provides the results of the Function Modeling
Task associated with the "Manufacture Product" Model. This work was performed
as a part of U.S. Air Force Contract #F33615-80-C-5109, "ICAM ARCHITECTURE, PART
III," covering the period of September 1980 through October 1982. The contract
was sponsored by the Computer Integrated Manufacturing Branch, Materials
Laboratory, Air Force Wright Aeronautical Laboratories, Air Force Systems
Command, Wright Patterson Air Force Base, Ohio, 45433. The Air Force Technical

* Manager for ICAM ARCHITECTURE PART III was Capt Steve R. LeClair for the basic
contract and Capt Richard R. Preston for the option phase.

Ms Bette R. Davis was the SofTech Program Manager. The other contributors to
this document are were:

Rockwell, International Richard Heine

Vought Al Reingold

Gala
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* . SECTION 1
SCOPE

1.1 Identification

This volume documents that part of the ICAM Architecture of
Manufacturing designated as MFG0. MFG0 depicts the functional "As Is"
architecture of the diverse activities presently performed within
aerospace manufacturing.

This part of the architecture has been developed using IDEF1

(ICAH Definition language) function modeling. The Model presented here,

MFGf, is a uomposite function model of the activities within "Manufacture
(Aerospace) Product." This composite view architecture represents those
functions most typical of the majority of aerospace manufacturers in the
United States and is not intended to represent any specific company.

This volume extends and supercedes Volume VII - Composite Function
Model of "Manufacture Product" (MFG?) published in June of 1981 as part
of the ICAM Architecture Part II Project Priority 1102.

This volume documents work performed under ICAM Project Priority
1104 - ICAM Architecture of Manufacturing Part III.

1.2 Background

Developments in the use of the computer as an aid to manufacturinq
have proceeded in a modular but disjointed fashion. Hardware and
software systems have been designed and developed to solve the particular
problem of the day and generally have been limited in scope in order to
most expediently aid the performance of a particular manufacturinq

* function. The events subsequent to the development of N/C machine tools
and the APT language are examples of this approach. Integration of these
systems has been attempted in some cases, but only as an afterthought.
This situation has resulted in the proliferation of disjointed computer
software and hardware that have in many ways tended to actually magnify
problems in manufacturing.

The long-term adverse effect of continuing development in this
* fragmented way has been recognized both in the United States and in many

other countries. The evidence, both abroad and in this country, advises
that the economic and sociologic ,l benefits to be gained from such
integration and the resulting synergism far exceed those benefits that
have been accepted as being directly attributable to individual
development efforts. This is particularly true in discrete-parts, batch
manufacturing companies because of such factors as the dual requirements
to maintain both a flexible fabrication base and a highly efficient,
controlled operation. (The prime aerospace companies and their vast
network of subcontractors fall into this group.)

S.
°
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The Air Force Integrated Computer-Aided Manufacturing (ICAM)
Program has been established to promote development of integrated CAM
systems in the United States, and particularly within the aerospace
industry. The ICAM approach involves the use of "Architecture," a
structured means for applying computer technology to manufacturing by
using models to better understand, communicate and analyze manufacturing
and manufacturing systems.

The purpose of architecture is to establish clear and concise
communication tools which permit discussion and a common understanding.
The architecture is seen as the key to the structuring of generic CADCAM
programs having broad applicability and as a vehicle which facilitates
the transfer :f CADCAM technology.

The Architecture of Manufacturing is comprised of a function,
information and/or dynamics model and is to be that set of structured
information that relate to the reader a formal description of manu-
facturing itself. The term "architecture," when used with respect to
manufacturing, means a model or set of models which represent manufac-
turina. The architecture provides an integrated picture with which to

understand aerospace manufacturing.

The first step in increasing manufacturing productivity is to
understand current manufacturing practice precisely and to record this

understanding concisely. This development of understandina has two main
phases:

0 Study specific company manufacturing

0 Evolve a composite understanding
Understanding of current manufacturing must he based on the

detailed factual information which describes manufacturing practice in
those companies which successfully produce aerospace products. This has
been called "Factory View" information. The Factory View of manufac-
turing is different for each company, for each division of each plant
within a company, and even somewhat different for each organization and
each individual within each plant.

One objective of ICAM is to develop improvements in manufacturino
which will be broadly applicable across the whole aerospace industry. In
order to do this, it is necessary to have some understandino of "general
or generic manufacturing practice." Such an understanding emphasizes the
essential function, information flow, and material flow necessary to all
manufacturing, while deemphasizing the differences of oroanization ano
terminology among the various factory views.

The model representing this aggregate understanding is called the
"Composite View" of manufacturing. The composite view model presented in
this volume depicts manufacturing as it exists today in the form of a

1-2
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function model. The composite view of the existing functions carried out
in manufacturing which have been produced in this project and Architec-
tures Part I and II emphasize the technical aspects of current practice
for the production of a single, new major aerospace product, such as an
airplane.

During the course of Project llOA, several tasks were undertaken

that resulted in recommendations for changes to the Manufacturing
Function Architecture Part II. The four major sources of these changes
were :

1) The MFG9 Arrow Trace Task
2) -he 2-way Arrow Removal Task

3) Acdition of Subsystem, Support Arrows Task
4) Integration of QAO into MFG0 Task.

1.2.1 Arrow Trace

The MFG0 Arrow Trace was the largest source of change

recommendations to the Manufacturing Architecture. The close examination
of MFG0 required by this task produced a large body of suggested

V changes. These changes varied greatly and were categorized by relative
significance. Although no numerical breakdown of the amount of changes

in each category is available, suffice it to say that there were many
more minor changes than major ones.

1.2.2 2-Way Arrow Removal

A second source of chances to MFG0 was the removal of 2-way arrows
from the activity diagrams. The decision to remove the 2-way arrows

arose from a concern for the readability of the diagrams. It was felt

that the syntactic form, namely, a double-headed arrow with accompanyino
dots, did not clearly portray (in a graphic sense) the feedback loop it
represented. The transformation of the 2-way arrows into appropriate
feeoback loops did succeed in depicting the circular flow of data. On

the other hand, the proliferation of new arrows added more pipelines to
some already-crowded diaorams. It was also noted that, in the case of

.N diagrams with numerous ICOM's, the deletion of a 2-way arrow means that
the feedback relationship between an input or control and an output would
not be explicit because other entering and exiting ICOM's obscure the
relationship. It was also noted that the removal of the 2-way arrows

invalidated a significant portion of the arrow trace information (which
was based on a version of MFGO having 2-way arrows).

1.2.3 Subsystem Support Arrows

A trirc source of MFG0 chances was the addition of subsystem
support arrows. These appear as "mechanisms" that alert the reader tc
subsystem support roles. The subsystems incorporated into the

1-3.........................................
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architecture within this volume are SMC (Sheet Metal Center), MCMM
(Manufacturing Control and Material Management) and QA (Quality
Assurance). The mechanism arrows are labelled "subsystem" where more

than one subsystem supports an activity.

1.2.4 QAY Integration

When the 1981 version of the model was published, two subsystem
models had been processed through the integration procedure as it then
existeO. These were MCMM and SMC. The links between those models and
MFG0 were documented by a matrix, one of which was developed for each
model. Thic version of the model has had the information from those
matrices a®: I in the form of support arrows on the appropriate boxes.

The QA (Quality Assurance) model was integrated into MFG0 usino a
revised procedure which is presented in Volume II of this report. This
required the modification of about 20 existing diagrams and the addition
of about 25 new diagrams. These new diagrams are, in most cases, redrawn
child diagrams from the QA model. These additions required modification
of ICOM's on existing MFG0 diagrams and the QA diagrams that were
integrated as children of the existing MFG1 nodes.

1.3 Functional Description of Document

This volume (V) documents the Architecture of Manufactuing function
model (MFGO) which when combined with Volumes III - DES0, !V - DESl, VI -

MFGI of this report, make up the complete ICAM Architecture of
Manufacturing. Volume V - MFGV is basically an integrated composite
IDEFg model of Aerospace manufacturing. The document contains a
complete node index for each model diagram. This model contains both
extensive text and diagrams that have been developed by various authors
and coalition members on a variety of ICA projects. Some of these
diagrams exist in separate models that have been integrated into the
present architecture.

J
This volume is intended as a guide for the development of IDEFZ

models by manufacturing analysts ano industrial engineers involved in the
integration of new manufacturing and computer system technology into the
production environment. It provides a common baseline for communication
and decision making during the "Understand the Problem" phase of such
projects. It can be used by management and engineers to identify the
areas impacted by proposed changes and introduction of new technologies.

Experience, from current Technology Modernization Programs, has
shown that tne function model MFG~ can serve as either a guide for model
oevelopment or be annotated to provide a company specific architecture.

. l-a | J .. .t
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Section 2

MANUFACTURE PRODUCT (MFGO)

2.1 Node Index

2.1.1 Diagrams are Indexed by Node Numbers

In an IDEFO diagram, the component parts are shown as numberec
boxes. Each box is cetailed in one diagram at the next lower level until
a sufficient level of oetail is reached.

The example shown below says that Manufacture Product (AO) is
broken down into six sub-functins. Al through A6. Plan Proouction (A3)
is further u;Dken down into four, more detailed sub-functions (11l
through A34 ).

Leveis Of Diagrams Corresponiding ies qclex
7 -

A-0 Manufacture Product
(Context)

AO Manufacture Prouct

ZL

X~7 A3 Plan Production

2 -1
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%T _ e quence diagrams in the model is indicated by a "node number"
ciivec from the numbering boxes. For example, A21 is the diagram which

oetails box I on the A2 diagram. Similarly, A2 details box 2 on the AO
diagram, which is the top diagram of the model. This hierarchy may be
shown in an index of diagram names and their node numbers called a "node
inoex". The noce inuex serves as a table of contents for a mocel.
Diagrams at the same level of detail are indented at the same page
position in the incex. This Section 2.1 contains the Node Index for the
mocel, Manufacture Procuct.

... 2.1.2 How to Explore a Model

IDEF models may be used as a reference, providing all details of a

particular ubject, or as a tutorial, providing an overview of the whole
system. To fead the model for its overview, use the node index to finO
all high-level diagrams. Disregard detail diagrams. For example, an
overview is ootained as described above by studying, A-O, AO, Al, A2, an
A3 shown on following typical node index.

-S.9
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(A-O Manufacture Product (COntext0
• """ A0 Manufactue Prdct

AlI Plan for Manufacture
IAZ Make and Administer Schedules and Bud et

AZ Develop Master Schedule
A22 Develop Coordinating Schedules
A23 Estimate Costs and Make Budgets
A24 Monitor Performance to Schedule and

Budget

iA3 Plan Production

A31 Control Planning

A32 Determine Detailed Method of Manufacture

A321 Complete Manufacturing Parts List
A3ZZ Decide Make/Buy for Each Part
A323 Determine Precise Form of Subparts

To read the model for reference, use the index to find all
diagrams detailing the subject of interest, Disregard unrelated
diagrams. For example, to study the subject "Determine Detailed
Method of Manufacture", examine the three diagrams A321 through
A323, plus their parent, A32, as shown on this typical node list.

A-0 Manufacture Product (Contezt)

AO Manufacture Product

Al Plan for Manufacture
AZ Make and Administer Schedules and Budgets

A21 Develop Master Schedule
A22 Develop Coordinating Schedules
A23 Estimate Costs and Make Budgets
A24 Monitor Performance to Schedule and

Budget

A3 Plan Production

A31 Control Planning

A32 Deterrrine Detailed Method of Manufacture

A321 Complete Manufacturing Parts List
P'6 I A322 Decide Make/Buy for Each Part

A323 Determine Precise Form of Subparts
2'-

. 2-3
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Pacge

2.1.3 Node Index - MFG0

A-3 Get and Use Aerospace Product (Context) 2-27
A-2 Get and Use Aerospace Product 2-29

1 Plan to Accomplish Objectives
A-I 2 Develop and Produce Aerospace Product 2-33

1 Manage Product
2 Design Product

A-0 3 Manufacture Product 2-37
4 Provide for Product Logistics

3 Usp Product
4 Mair;cain, Retrofit, Rebuilt Product

Node Index of Main Model

A-0 Manufacture Product (Context) 2-39
AD Manufacture Product 2-30

Al Plan for Manufacture 2-51
All Assume a Structure and Method of Manufacture 2-55

Alll Assume and Tabulate Major Configuration
4. Units 2-59

AIIII Review Product Design and

Manufacturing Requirements
A1112 Establish Optimum Production Breaks
A1113 Establish Logical Major Unit

Configurations
A112 Tentatively Decide Make or Buy 2-61

A1121 Evaluate Required Capabilities
and Capacities

A1122 Determine Available In-House
Capabilities and Capacities

A1123 Determine Outside (Vendor)
Capabilities and Capacities

A1124 Determine Make or Buy Sourcing
AI13 Assume Manufacturing Method of Major Units 2-63

A1131 Assume Major Assembly Breaks
A1132 Assume Sub-Assembly Breaks
A1133 Review Major Tool and

Space Requirements

A1134 Prepare Station Flow Plan

2-4
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Node Index -WGO (Continued)

Page

A114 Assume Tentative Assembly Method 2-65
All4l Establish Assembly Plan
A1142 Establish Tooling and Assembly

Fixture Requirements
A1143 Illustrate Assembly MethodK' and Tooling Concept
A1144 Prepare Assembly Station Plan

A12 Estimate Requirements, Time and Cost to Produce 2-67
KA121 Estimate Resource Needs 2-71

* - A1211 Estimate Facilities Requirements
A1212 Estimate Equipment Requirements
A1213 Estimate Tool Requirements

.4.A1214 Estimate Personnel Requirements
A122 Estimate Costs to Purchase or Make 2-73

A1221 Estimate Recurring Costs
A1222 Estimate Non-Recurring Costs
A1223 Estimate Vendor Costs
A1224 Sum Costs

A123 Estimate Timing for Start Up and Production 2-75
A1231 Develop Spans for Each Station
A1232 Develop Shift Requirements
A1233 Develop Tool Requirements

A13 Develop Production Plans 2-77
A131 Confirm Structure and Method of manufacture 2-81

A1311 -Review Major Section Manufacture
4- Breakdown

A1312 Confirm Major Assemblies
A1313 Confirm Sub-Assemblies
A1314 Review major Tool and Space Rights
A1314 Confirm Station Plan

A132 Develop Line Assembly & Installation
Sequence 2-83
A1321 Develop Assembly Sequence Plan

* A1322 Develop Kit Plan
A1323 Develop Assembly and;Installation

Operation Plan
A133 Develop Batch Assembly Sequence 2-85

A1331 Develop Batch Assembly List
A1332 Develop Assembly Sequence and

Kit Plan

4. 2-5

4.7
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Node Index - WG0 (Continued)

Page

A1333 Develop Batch Assembly Plan
A134 Develop Detail Parts Sequence 2-87

A1341 Estimate Number of Detail Parts
by Type 2-89
A13411 Segregate Parts by Type
A13412 Estimate Number of Manu-

factured Parts by Type
A13412 Sum of Number of Detail

Parts by Type
A1342 Develop Detail Parts Fabrication

Sequence
A1343 Develop Detail Parts Fabrication

A14 Develop Support Activities Plans 2-91
A141 Develop QA Plan 2-93

Al4l1 Establish QA Requirements for
Production 2-95
A14111 Review Contract SOW
A14112 Determine QA/QC Requirement

Deviations
A14113 Evaluate Contract QA/QC

Requirements
A14114 Determine Production QA/QC

Requirements
A14115 Issue Quality Requirements

A1412 Define Required QA Resources
A1413 Issue QA Plan

A142 Develop Materials Plan 2-97
A1421 Review Plans and Schedules

to Determine Material Requirements
A1422 Identify Long Lead Requirements
A1423 Select Subcontractors/Suppliers
A1424 Issue Material Plan

A143 Develop Tooling Plan 2-99
A1431 Decide Tooling Approach (Policy)
A1432 Identify Project Tool1 Requirements
A1433 Identify Long Lead Tool Requirements

. 6.PA1434 Identify Non Project Tools
A1435 Issue Tooling Plan

fA144 Develop Facilities ano Equipment Plan 2-101
A1441 Review Plans and Schedules to

Determine Facilities and Equipment
Requirements

A1442 Identify Long Lead Facilities

2-6
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Node Index - WGQ6 (Continued)

Page

and Equipment Requirements
A1443 Identify Special Facilities

and Equipment Requirements
A1444 Do Conceptual Estimate
A1445 Review ano Issue Facilities and

Equipment Plan
A145 Develop Personnel Plan 2-103

A1451 Review Plans and Schedule to
Determine Manpower Requirements

A1452 Develop Hiring Plan
A1453 Develop Training Plan
A1454 Review and Issue Personnel PlanElA2 Make and Administer Schedules and Budgets 2-105

A21 Develop Master Schedule 2-109
.4A211 Apply Time Spans 2-113

A2111 Review Manufacturing Plan and
Engineering Release Milestones

A2112 Develop Procurement Lead Times
A 2113 Develop Resource Lead Times
A2114 Develop Fabrication Lead Times
A2115 Develop Assembly and Installation

Times
A212 Integrate Into Preliminary Master

Schedule 2-117
A2121 Develop Logical Schedule

Sequence
A2122 Layout Time Spans on Schedule

Chart
A2123 Finalize Preliminary Master

Schedule
A213 Identify Master Schedule Conflicts 2-119

A2131 Review With Functional
Al2Organizations for Conflicts
A12Identify Contract Conflicts

and Responsibilities
A2133 Identify Resource Conflicts

S and Responsibilities
A2134 Identify Procurement Conflicts

and Responsibilities
A214 Resolve Master Schedule Conflicts 2-121

A2141 Determine Severity and Con-
sequences of Conflicts

A2142 Negotiate/Resolve Contractual
Conflicts

2-7



FTRIJ.O4iOGUGU
8 September 1983

Node Index - WG0 (Continued)

Page

A.2143 Negotiate/Resolve Resource
Conflicts

A2144 Negotiate/Resolve Procurement
Conflicts

A.215 Approve Master Schedule 2-123
A2151 Review for Functional Considerations
A.2152 Review for Program Considerations
A2153 Review for Overall Business Impact
A.2154 Issue Approved Master Scheoule

A.22 Develop Coordinating Schedules 2-125
A.221 Establish Setbacks and Apply Flow Times 2-129

A.2211 Refine Item and Station Flows
A.2212 Develop Setbacks
A.2213 Assign Times to Setbacks
A.2214 Resolve Manufcturing and

Engineering Differences
A222 Prepare First Article Schedule 2-131
A.2221 Determine Manufacturing Planning

Completion Dates
A.2222 Determine Resource and Procurement

Availability Dates
A.2223 Reconcile Engineering Drawing and

Manufacturing Need Dates
A.2224 Complete Schedule and Validate to

: ~. Commitments
P.223 Develop Production Schedule 2-133

A.2231 Develop Acceleration Curves
'1AP2232 Determine Start and Completion Dates

A.2233 Analyze Resource Requirements
P.2234 Determine Lot Sizes
A.2235 Reconcile to Contract Requirements

A.224 Develop Schedules for Continuing Support
Activities 2-137
P.2241 Analyze Manpower Loading Plan
A.2242 Analyze Long Lead Material

Requirements
A.2243 Analyze Material Inventory

Requirements
P.2244 Identify Material Schedule Problems
A2245 Identify Manpower Loading Problems

-2-
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Node Index - MFWG (Continued)

Page

A23 Estimate Costs and Make Budgets 2-139
A231 Estimate Cost Planning Packages
A232 Assign Lot Number Accounting
A233 Develop Cost Accounting Packages
A234 Assign Structure and Release Suo-Accounts
A235 Issue Functional Work Authorizations

A24 Monitor Performance to Schedule and Budget 2-141
A241 Develop Monitoring and Display

Methods 2-143
A2411 Develop Schedule Display

Techniques
A2412 Develop Cost Display

Techniques
A2413 Develop Management Review

Methods

-" A2414 Select Monitoring Methods
A242 Record Actuals 2-147

A2421 Track Engineering Releases
A2422 Track Purchase Orders
A2423 Record Work in Process
A2424 Record Costs Expended

A243 Evaluate Status 2-149
A2431 Compare Actuals to Plans
A2432 Assess Risks/Alternatives
A2433 Develop Work Around Plans

A3 Plan Production 2-151
A31 Control Planning
A32 Determine Detailed Method of Manufacture 2-155

A321 Complete Manufacturing Parts List
A322 Decide Make/Buy for Each Part
A323 Determine Precise Form of Subparts

A33 Develop Production Instructions 2-157
A331 Plan Line Assemblies and Installations 2-159

A3311 Understand Finished Item
Requirement

A3312 Determine Assembly or
Installation Steps

A3313 Detail Assembly or Installation
Steps

A3314 Apply Times

'2-
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Node Index - MFG0 (Continued)

Page

A332 Plan Batch Assemblies 2-161
A3321 Unoerstand Finished Assembly

,-~ 32Requirements
A3322 Determine Assembly Steps
A3323 Detail Each Assembly Step
A3324 Establish Routing
A3325 Determine Time and Costs

A333 Plan Detail Part 2-163
A3331 Understand Finished Part

Requirements 2-165
A33311 Understand Geometric

Requirements
A- A33312 Understand Tolerance

Requirements
A33313 Understand Final

Material Condition
Requirements

A33314 Understand Part Finisn
Requirements

A3332 Determine Initial Form of Raw
Materials 2-167
A33321 Determine Optional Materials
A33322 Determine Initial Form
A33323 Select From Options

A3333 Determine Fabrication Steps 2-169
A33331 Compare Material Form to

Finished Part Requirement

A33332 Determine Fabrication
Operations

A33333 Add Inspection Steps 2-171
A333331 Determine Critical

Quality Characteristics
. A333332 Review Manufacturing

' .* Sequence
A333333 Identify Test/

In! pection Control
Points

. 2-1
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Node Index -WdQ (Continued)

Page

A.333334 Select Existing Test/
Inspection/Control

- - Instructions
A.333335 Determine New Test!

Inspection/Control
Instructions

A.333336 Integrate Instructions
With Process Plans

A.33334 Identify Needed Tools
A.33335 Determine Necessary Sequence

A P3334 Detail Each Fabrication Step 2-173
A.33341 Interpret Fabrication Step
A.33342 Select Specific Machine Type
A.33343 Determine Setup 2-175

A.333431 Determine Item Setup
A.333432 Determine Tool Setup
A.333433 Determine Machine

Setup
A.33344 Specify Tools
A.33345 Develop Detailed Instructions

A35Establish Routine
PA3336 Apply Times

A.334 Plan for Procured Items 2-177
A.3341 Specify Delivery Configuration of Item
A.3342 Specify Manufacturing Method
A.3343 Plan Receiving Inspection

A A3344 Identify Needed Tools
P.34 Validate and Release Planning

A.4 Provide Production Resources 2-179
P.41 Provide Facilities 2-183

P.411 Plan Production Facilities 2-i85
A.4111 Analyze Production Requirements 2-137

P.41111 Analyze Work Flow
P.41112 Provide Support Forecasts
P.41113 Develop Preliminary Specs
A.41114 Prepare Facility manpower

and Cost Estimates
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Node Index - WG0 (Continued)

Page

A.4112 Coordinate Facility Development 2-189
A.41121 Justify and Approve

Facilities
A.41122 Bid and Let Contracts
A.41123 Interface with Design and

Support Groups
A.4113 Engineer Production Facilities 2-191

A.41131 Provide Final Construction,
Machinery Drawings

A.41132 Lay Out Plant
A.41133 Order material and Equipment

A.412 Build, Modify Facilities
A.413 Operate, Maintain Facilities 2-193

A.4131 maintain Plant
A4132 Operate and Monitor Utilities
A.4133 Provide Custodial Services
A.4134 Handle Waste Treatment

A.42 Provide Equipment 2-195
A.421 Plan Production Equipment 2-197

P.4211 Perform Station Capability Analysis
A.4212 Analyze Load Capacity
A.4213 Do Replacement Study
A.4214 Study Make/Buy Tradeoffs
A.4215 Estimate Costs
A.4216, Justify and Approve Equipment

P.422 Obtain Equipment 2-199
P.4221 Acquire
P.4222 Design
P.4223 Build, Modify
P.4224 Install
P.4225 Check-Out

P.423 Control Equipment 2-201
A.4231 Assign
P.4232 Move
A.4233 Provide Accounting

P.424 Maintain Equipment 2-203
A.4241 Do Preventive Maintenance
P.4242 Do Routing Maintenance
A.4243 Perform Inspection
P.4244 Repair Equipment

2-12
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Node Index - FG0 (Continued)

Page

A43 Provide Tools 2-205
A431 Control Tool Providing
A432 Design
A433 Plan Tools (Process Plan)
A434 Make Tools
A435 Manage Tool SupplyI'A44 Provide People

A5 Obtain Manufacturing Materials 2-207
451 Control Procurement of Production materials 2-211

A511 Determine Total materials Needs
(As a Function of' Time)

A512 Evaluate and Allocate Inventory (On
Hand and On Order)

A513 Plan material Acquisition
A514 Issue Requisitions

A521 Determine Source221
A5211 Identify Sources
A5212 Get Quotes 2-217

A52121 Select Bidders
A52122 Request Quotations
A52123 Interact with Bidders
A52124 Evaluate Quotes

A5213 Select Source
A522 Place Orders
A523 Follow Orders
A524 Receive
P525 Close Orders

A.53 Inspect 2-219
A531 Perform Incoming Inspection 2-221

A5311 Receive Incoming Material!
Documentation

A 5312 Assemble Inspection
d Documentation

A.5313 Inspect Incoming Material
A.5314 Disposition Material'
A5315 Update Inspection History File

:4AP532 Control Non-Conforming Material
.1 .6 A533 Rework

A4Manage Materials Inventory
A6Produce Product 2-223

A.61 Control Proouction Orders 2-227
A.611 Apply Schedule 2-229

2-13
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Node Index - IFG (Continued)

Page

A6111 Compare Requirements to Stock Position
A6112 Perform Breakback Extension and Set

Lot Size
A6113 Determine Line Assembly Schedule
A6114 Determine Feasible Ship DatesUA6l2 Adjust Release Schedule 2-231
A6121 Forecast Load
A6122 Identify Needed Adjustments

5%A 6123 Select Orders for Release
A. 613 Release Work Packages
A614 Adjust Work Center Load
A615 Track Orders in Progress

A62 Control Production Items and Tools 2-233
A621 Write Requisitions
A622 Store Items and Tools 2-235

A6221 Verify Count Identify
A6222 Prepare for Storage
A6223 Determine Storage Location
A6224 Put Away

A1623 Gather Items and Tools 2-237
A6231 Locate and Pull Material
A6232 Organize materials
A6233 Prepare and Ship Spares and Kits

A624 Maintain Records 2-239
A6241 Post Transactions
A6242 Verify or Correct Record Counts

A63 Perform Physical Production 2-241
A631 Fabricate Detail Parts 2-245

A6311 Assign Work (Station and Operation)
A6312 Setup and Take Down

*A6313 Perform Fabrication Step
A6314 Inspect Part 2-247

A63141 Inspect Sheet Metal and
*Extruded Parts 2-249

A631411 Perform Blanking
In spedction

A631412 Perform Forming
Inspection

A631413 Perform Dimensional
and Hardness Inspection

2-14
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Node Index - FWC (Continued)

Page

A631414 Perform NDT Inspection
A631415 Perform Post Process

Detail Part Inspection
ano Acceptance

A63142 Inspect Machined Parts 2-25i
A631421 Perform Premachinino

Material Verification
A631422 Perform NDT Insoection
A631423 Perform Dimensional

Inspection
A631424 Perform Post Processing

Inspection and
Acceptance

A63143 Inspect Composit., Parts
i631431 Perform L ,,-up

Inspection
A631432 Perform Bagging

Inspection
A631433 Perform Post Autoclave

Inspection
A631434 Perform Trim Inspection: 
A631435 Perform NOT Inspection

and Acceptance
A6315 Handle Non-Conforming Materials 2-255

A63151 Perform Preliminary Review
Disposition 2-257
A631511 Provide Disposition
A631512 Provide Work

Instructions
A631513 Release for 'oorkA63152 Perform MRB Disposition 2-259
A631521 Obtain Approval FromMfg. and Engineering
A631522 Estimate Costs of

Non-Conformance
A631523 Obtain Customer

Approval
A631524 Provide Work

Instructions
A631525 Release for Work

A63153 Determine Corrective Action

2-15
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Page

A632 Assemble Component Parts (Sub-Assemoly) 2-261
A6321 Assign Work (Station and Operation
A6322 Setup and Take Down
A6323 Perform Assembly Step
A6324 Inspect Part 2-263

A63241 Test Inspect & Evaluate
Mechanical Components

A63242 Test Inspect & Evaluate
Electronic/Electrical
(Sub/Assys) 2-265
A632421 Test/Inspect Cables

and Harnesses 2-267
A6324211 Inspect

Cable
Tsemblies

A6324212 Inspect
Harness
Assemblies

A6324213 Verify Cable/
Harness
Functional
Tests and
Test Results

A632422 Test/Inspect Printed
wiring Assemblies 2-269

A6324221 Inspect Part
Marking

A6324222 Inspect
Printed
Wiring
Board

A6324223 Inspect
Conformal
Coating

A6324224 Inspect
Wiring

2-16

- - , *



FTRl1U4iOOUU
8 September 1967

Node Index - MFG0 (Continued)

Page

A6324225 Inspect
Solder

A6324226 Verify PWA
Functional
Test and
Test Results

A632423 Test/Inspect Line
Replaceable Units 2-271

A6324231 Verify
Printed Wire
Inspection

."Acceptance
A6324232 Assure No

Physical
Defects

A6324233 Inspect Wire
Routing

A6324234 Verify LRU
Functional
Test and
Test Results

A632424 Test/Inspect Completed
Electronic Component
Parts 2-273
A6324241 Inspect

Chassis
-. Assembly
• A6324242 Inspect

Interface
Test
Adapters

A6324243 Inspect Rack
Assembly

A6324244 Verify
Component
Functional
Test and
Test Results

A63243 Verify Software/Mooule
Integration

A6325 Handle Non-Conforming Assemblies 2-275
A63251 Perform Preliminary Review

Disposition 2-277
A632511 Provide Disposition

2-17
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Node Index - MFG (Continued)
r.%.

A632512 Provide Work
Instructions

A632513 Release for work
A63252 Perform MRB Disposition 2-279

A632521 Obtain Approval
from Mfg. and
Engineering

A632522 Estimate Costs of
Non-Conformance

A632523 Obtain Customer
Approval

A632524 Provide Work
Instructions

A632525 Release for Work
A63253 Determine Corrective Action

A633 Perform Major Assembly and Installation 2-281
A6331 Assign Work Crews (Station and

Operation)
A6332 Setup and Take Down Ancillary

S-." Equipment
A6333 Perform Assembly or Installation

Step
A6334 Inspect or Test 2-283

A63341 Test/Inspect and Evalute
Mechanical Installations
and Operations

A63342 Test/Inspect and Evaluate
Electronic Systems installa-
tions and Operations 2-285
A633421 Verify Electrical

Harness Installa-
tion Routing

A633422 Verify Electrical
". Harness Functional

Tests
A633423 Verify Electrical

Components Installa-
tions Complete

A633424 Verify Electrical
Components Bonoing
Checks

A633425 Perform System
Operations Checks

2-1"
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Node Index - WFG0 (Continued)

Page

A6335 Handle Non-Conforming Assemblies 2-287

A63351 Perform Preliminary Review
Disposition 2-289

A633511 Provide Disposition
A633512 Provide Work

Instructions
A633513 Release for work

A63352 Perform MRB Disposition
A633521 Obtain Approval

from Mfg. and
Engineering

A633522 Estimate Costs of
Non-Conformance

A633523 Obtain Customer
Approval

A633524 Provide Work
Instructions

A633525 Release for Work
A63353 Determine Corrective Action 2-291

A64 Test, Checkout 2-293

A641 Verify Fuel System Functional Check

A642 Verify Field Operations and Pre-Engine
Run Checks

A643 Verify Green Engine Runs
A644 Verify. Prep for Flight
A645 Verify Company and Air Force Flight

A646 QC Sign-Off of Aircraft
A65 Deliver Product

21..9
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2.2 Model Diagrams

2.2.1 The Model

The model diagrams, the node index, and the text with the diagram

comprise the model. The text and the parent diagrams are shown on the

left page and the diagram is shown on the right page of each page pair.

The model starts at diagram AO. page 2-31, other diagrams precede

the AO diagram beginning with A-3 through A-O. These diagrams are higher

level diagramQ that place the model "Mnufacture Product" in the context

of Air Force System Acquisition and maintenance.

2.2.2 Reading the Model Diagrams

Activity diagrams are composed of boxes, and arrows that connect

the boxes. This section describes the language of boxes and arrows,

their connections on a single diagram, and their asembly to make a mouel.

An activity is anything that can be named with an active verb

phrase. This includes everything from the concrete to the conceptual,

such as: tighten, attach, measure, assemble, transcribe, evaluate,

classify, construct, solve, adapt, resolve, develop.

Activities are shown as boxed.

A model is a series of diagrams like like these in this section.
The initial diagram is the most general or abstract description of the

whole system. It has a node number of AO. This diagram shows each major

activity as a box. The details of every activity (that is, the "insides"

of each box) are shown on another diagram.

Each diagram except AO is the decomposition of a box on a more

abstract diagram. At each step, the more abstract diagram is said to be

the "parent" of the detailed diagram (See Figure 2.2-1).

2-20
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The arrows that connect to a box represent real objects or

iriformation neeaeu oy or proouced uy the activity. They are each labeiec

with a noun phrase, written beside the arrow. Arrows represent data,

things, or people. These three catogories are referred to here as "ruata"l.

The side of tne box at which an arrow enters or leaves shows the

arrow's role as an input, a control or an output. Incoming arrows (left

and top of box) show the data needed to perform the activity. Outgoing

arrows (right of box) show the data created when the activity is

performed. Frm left to right (input to output), an activity transforms

data. An inpuz is converted oy the activity into the output.

A control arrow enters the top of the box. It oescribes the

conditions or circumstances that govern the transformation. In IDEFI an

arrow is a control unless it obviously serves only as input. Every box

will have at least one control arrow.

The bottom of a box is reserved to indicate a mechanism, which may

be the person or device which carries out the activity.

An arrow connecting the output of one box to the input or control

of another box shows a constraint. The box receiving the data is

constrained, since the activity cannot be performed until the data is

maue available by the box that produces it. The arrows entering a box

show all the data that is needed for the activity to be performed.

Several activities on a single diagram could be performed simultaneously,

if the needed constraints have been satisfied.

In activity diagrams, arrows may branch (implying that the same

data is needed by more than one activity) or they may join (implying that
tne same class of data may be produced by more than one activity). It is

usually the case that more than one kind of data is needed to do an

activity, and tnat more than one kind of cata is produceo by an

activity. The branches may each represent the same thing, or different

tnings of the same general type. The arrow labels make clear what the

arrows are. See Figure 2.2-2 for examples of branches and joins.

2-2i
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Control

S.11

Mechanisms (on the bottom) indicate the means by which the activity

is performed. A "mechanism" might be a person or a committee or a

machine or a process. The box itself, with its inputs, controls, and

outputs, indicates WHAT the system does. The mechanism shows HOW that

activity is accomplished.

Mechanism arrows may be the output of other boxes, if those boxes

create or prepare processors (device) from their inputs and controls.

More often, however, a mechanism model is a separate model.

2-22
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~~MORE GENERALZ

.

.MORE DETAM.D

.. -.
the **Parent"' Of -- - - -- --

"%'2 this diarm.

.

EVERY COMPONENT MAY BE DECOMPOSED IN ANOTHER DIAGRAM.

EVERY DIAGRAM SHOWS THE "INSIDE" OF A BOX ON A HIGHER

DIAGRAM.

Figure 2.2-1. Parent to Child Diagram Relation

2-23/2-24
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This branch means that "files" This jonmeans that "account entries'
(produced by box 1) are comn- are created by some from DELIVER
posed of "customer records" PRODUCTS (box 2) and/or some from
(needed by box 2) and "Price DO BILLING (box 3).

* and Tax Tables" (needed by
box 3).

.C1v ES E

PRICE rI
Thischai of nputandoutpt arows1ean

Fi 2.2-2. o Brutanchd oin amplseas
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